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Abstract N 

Cancer diseases are among the world's leading causes of death, and this global 
burden is expected to risein thenext two decades. Researchers have been focusing 
on genetreatment strategy to curb this growing number. To guarantee the success 
of the gene therapy strategy, therefore, it is essential to develop a suitable deli very 
agent, notably a viral vector. Despite its benefits, there is also a disadvantage in 
viral vectors where viruses are hard to cope with their toxicity. N evertheless, for 
their long-term expression and stability, viral delivery agents are preferred. To 
date, among the frequently used vehicles for gene transfer are adenovirus (Ad), 
adeno-associated virus (AAV), retrovirus, and lentivirus. Each oneof these viruses 
has its own "pros and cons," rendering them a choice for gene therapy testing. A 
broad range of gene transfer technologies have been designed over these years, 
but all transferring technologies still have constraints in clinical applications, 
and there are no distribution systems that could be implemented in vitro and in 
vivo in all cell types without any limitations or side effects. 
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1. Introduction 

Cancer is said to be among the leading causes of mortality and morbidity with about 14 mi 11 ion new and 8.2 
million cancer-related fatalities in 2012. It is anticipated that the burden of cancer will rise by about 70% in the 
next two decades (Danceyetal., 2012). Cancer is a complicated multifactorial disease integrated by the host 
and envi ronmental i nteracti on w ith modif icati ons at the cel I ul ar and geneti c I evels. Two groups of genes are 
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oncogenes and tumor suppressor genes in regulatingthedevelopmentof cancer. In accordancewith genetic 
alteration, oncogene relates to any gene that converts normal cells into cancer cells lead to an abnormal 
proliferation of cells. There aremorethan lOOrecognized oncogenes, most of which havebeen recognized in 
human tumors (e.g., ras). Over the previousfew centuries, the ras gene has been widely studied and the most 
prevalent oncogenediscovered in human cancer. The ras gene interrupts the cell division in which the normal 
cell is mutated and encourages cancer formation (Luoet al., 2012). While, tumor suppressor genes are normal 
genes that interrupt or inhibit an abnormal division of cellsor cause the natural death of cel Is. Thus, ifthese 
genes are mutated, uncontrolled cell proliferation would not be inhibited and i nd i recti y tri ggers the d a/el opment 
of tumors (Zhao dal., 2013). Retinoblastoma (RB) and p53 genes areamong the most common tumor suppressor 
genes and constitute thecell growth control's reverseside. Both the RB gene and the p53 gene have an impact 
on the protein p-RB and the protein p53 generated under these protein controls. These proteins generally 
prevent apoptosis induced by DNA replication and cell division (Engel et al., 2014; and Romli et al., 2017). This 
i mpl i es that if these genes are mutated, thei r protei ns I ose its fu ncti ons and cause uncontrol I ed prol iferati on of 
cells, leading to cancer growth. A study has shown that in about 40% of human cancers, RB protein was 
inoperative (Engel et al., 2014). Similarly, in 50% of all tumor activity, the p53 gene was discovered to have 
extraordinary makeup (Morandell and Yaffe, 2012). 

Tod ate, su rgery remai ns the most eff i ci ent ty pe of cancer treatment by removi ng a bi g tu mor that has not yet 
metastasized. In most cases, metastases found in patients freshly diagnosed with a solid tumor. Current 
approaches, such as chemotherapy and radiotherapy, often contri buteto tumor resistance and havedamagi ng 
effects on the surrounding normal cells(Romli et al ., 2013). For instance, radiation therapy treats approximately 
50% of cancer patients globally. A Ithough radiation therapy does not cause systemic toxicity compared to 
chemotherapy, theconti nuous growth of resistanceto this irradiation doseconti nues an anti-cancer chal lenge 
(Baskar et al., 2012). Cancer cells may have distinct origins, so this differs considerably in cell genetics, 
transcriptions, translations and cell profiles (Blanpain, 2013; and Ghaemi et al., 2017). This implies that it is 
cruci al to specif i cal I y d esi gn the therapeuti c methods based on the bi ol ogy of tu mor cel I s. A11 thi s shows the 
desperate need for therapeuti c methods to progress. 

2. G ene therapy 

Gene therapy, a promising cancer treatment, has been thefocusof attention inthefield of cancer research and 
genomics for the last 20 years. Gene therapy shows the ability to be a healing agent for cancer that is 
predominantly gene-based as medicines (Wirth and YIa-H erttuala, 2014). Genetherapy involvesan experimental 
operation to alter cells for treating or curing illnesses genetically. There are three stages of gene therapy 
consisting of (i)thechoice and construction of vector-carrying genetic components, (ii) the transfer of genetic 
components from the vector to the target cel I, and (i i i) the gene prod uct expression i n the target cel Is (M al i, 
2013). The transmitted genetic components could begenesequence, genesegment, or oligonucleotides that can 
be transmitted eitherin vitro or ex vivo. Researchers have been testing several methods throughout theseyears; 
(i) replacing a mutated gene that is accountable for a disease with a healthy copy of the gene, (ii) inactivating 
a mutated gene that works improperly with genomeediting or, (iii) introducing a new gene into the cel Is that 
helps heal the disease ( \l ayerossadat et al ., 2012). It has been indicated that the transportation of genetic 
products to tumor cellsor normal cel Is to eradicate or decrease tumor mass is the main component in cancer 
gene therapy. Conventional cancer treatments such as chemotherapy and radiography generally lack the 
sel ecti vity of cancer cel I s that coul d I ead to normal cel I s bei ng toxi c w here thestrategy to gene therapy emerges 
asasuccessful alternative to this issue. Genetherapy can be used to target particular malignant cells as an 
anti cancer agent, thus minimizing the sideeffect on normal cells (N aldini, 2015). 

The strategy for genetherapy uses different kindsof techniques to transfer genetic products into thenucleus 
of target cel Is. The main achievement in intracellular transport system design isbased onadeeperunderstanding 
of the mechanism and a positive interaction between the delivery agents, the transgenes and the target cel Is. 
The i ntrod ucti on of the therapeuti c gene is pri mari ly ai med at restori ng ord i nary f u ncti ons or el i citi ng certai n 
answ ers. A gene d el i very agent is requ i red to carry these therapeuti c genes. The gene carri er's abi I i ty to reach 
a particular cell, especially the nucleus, affects gene therapy success (Thorne et al., 2018). The technique is 
performed by the vectors carrying therapeutic gene that can declassified into two vectors: viral and non-viral. 
Adenoviruses, retroviruses, and lentivirusesarethe most frequently used delivery of viral vectors for gene 
therapies. While, non-viral vector examples are naked plasmids, liposomes, and polymers. Viral vectors are 
said to be a successful transfer scheme as they could provideefficientand particular transduction and expression 
of genes compared to the non-vi ral method ( H usai n et al , 2015). A n i mportant step i n ensuri ng successful gene 
therapy is the creation of an efficient gene transfer scheme. 


N urliyana M ohd Yusof et al. / Afr.J.Bio.Sc. 2(3) (2020) 10-19 


Page 12 of 19 


3. Viral gene delivery system 

Vi ruses are ti ny i nf ecti ous parti cl es (vi ri ons) that carry either ri bonucl ei c aci d (RN A) or d eoxy ri bonu cl ei c aci d 
(DN A) as their genetic material. Their structure generally comprises of genes enclosed by a protein coat cal led 
capsidfor use in attaching to the host cel I and preventi ng the nuclease enzymes of thecell from viral destruction. 
V i rus parti cl es cou I d not be prod uced d u ri ng propagati on. 11 must, therefore, i nsert its geneti c materi al s and 
usethe machi nery of the host cel I to obtai n metabol i c and biosynthetic prod ucts for transcri pti on and repl i cati on 
(Giacca and Zacchigna, 2012). Viruses are pathogenic agents that need to be attenuated and manipulated 
before cl ini cal trials are implemented. Viral vectors have been created and intended for this purpose from 
many distinct cl asses of viruses such as adenoviruses (Ad), adeno-associated viruses (AAV), retroviruses and 
lentivi ruses. In addition, attention is also paid toother classesofvirusesandthedesignationof hybrid viruses 
for gene transfer. 

Viral genedelivery scheme is an experimental process that transfers genetic material through the useof a 
vi rus as a carri er. A n i nf ecti ous vi rus can be transformed i nto a non-i nf ecti ous vi rus. They cou I d bri ng geneti c 
products to be transferred into the target cytoplasm and then into the nucleus without causing an infection that 
could damage the host as shown in Figure 1. The useof bacteria as a gene delivery agent in gene treatment 
represent more than 68% of all clinical studiesfor gene therapy (N ayerossadatet al., 2012). Adenovirus, retrovirus, 
and adeno-associated vi rus arethe most commonly used viruses as shown inTablel. 



Table l:The most commonly used viral vectors in gene therapy 

Virus 

Family 

Nucleic acid 

Enveloped / 

N on- 

enveloped 

Integrated / 

N on- 

integrated 

Target cells 

Adenovirus 

Adenoviridae 

Double- 

stranded 

DN A 

N on- 

enveloped 

Non- 

integrated 

Dividing and 
Non-dividing 

cells 

Adeno- 

asscoci ated 

virus 

Parvoviridae 

Single- 

stranded 

DN A 

N on- 

enveloped 

1ntegrated 

Dividing and 
Non-dividing 

cells 

Retrovirus 

Retroviridae 

Single- 

stranded 

RN A 

Enveloped 

1ntegrated 

Dividing 

cells 

Lentivirus 

Retroviridae 

Single- 

stranded 

RN A 

Enveloped 

1ntegrated 

Dividing and 
Non-dividing 

cells 
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Viral vectors can bedivided into two categories: viral vectors that are integrated and non-integrated.The 
integration of viral vectors such as retroviruses, adeno-associated viruses and lentivirusesenablesthetransgene 
to be incorporated into the host genome. N on-integrating viruses such as adenovirus, on the contrary, are 
present in the nucleus but do notintegrateDNA intothehost.Thisexpression of transgene isshort-lived as the 
transgene is absent during cell division (I braheem et al., 2014). 

3.1. Adenoviral vector 

An adenoviral vector is derived from an adenovirus (Adv) consisting of a linear, double-stranded DNA in its 
sizeof 36kb genome. For approximately 50viral proteins, theAdv genome encodes 11 of which arestructured 
and used to producevirions(Vannucci et al., 2013). Adv infection is primarily mediated by bindingthefiber 
knob area to the target host cel I's Coxsacki e-A d v Receptor (C A R). Vi rus i ntegrati on w ith the host cel I protei ns 
isfacilitated by the interaction of A rg-G I y-Asp (RGD)penton-baseand a v/? cellular integrinsviaendocytosis 
of the virus particleviaclathrin-coated pits (Ansel mo and Mitragotri, 2014). Oncethevirusisdisassembled in 
theendosome, it will transport the viral DNA into the nucleus and express transgenes. Therearetwo types of 
A d vector used to su pply genetic prod ucts I i ke a car. Fi rst, the Repl i cati on-Competent A d (RC A) vectors are 
complemented by the virus genome's early region 1(E1) with a transgene expression cassette frequently found 
in theE3 region (Kovesdi and Hedley, 2010). The second typeof ad vectors is replication-defective, generally 
dueto partial or complete removal of theregion Eland the cassette of transgenic expressi on inserted inthat 
region ElorE3. Because of their high safety profile, these Replication-Defective Ad (RDA) vectors were used 
the most (Suzuki et al., 2015). The use of Adv is heavily based on these characteristics(i) the capacity of this 
virus to transduce non-dividing cel Is, (ii)first-generation (El/ E3-deleted) Adv which can takeup to 8-10 kbin 
transgenic cassettes, and (iii) Adv is discovered to be in an episomal shape as an Adv is a non-integrating 
vector (Leeetal., 2017). 

Theprimary benefit of frequently used adenoviral vectors isthat in both dividing and non-dividing cells, 
high-efficiency infection means that it can be used to pass genes into the wide spectrum of tissues. Adv can 
also cargo large transgene (up to 38 kb), however, oneof thedisadvantages isthefact that it is a non-integrati ng 
viral vector where its genome stays in the nucleus as transgene expressi on likean episomal component (Lee 
et al., 2017). Ad viruses have spread extensively, with about 80% of healthy individuals nowadaysda/ el oping 
antibodies against one or more of the accessible Adv serotypes (Amer, 2014). Adv proteins' elevated 
immunogenicity limits the amount of administration of vectors in the same individual. Activating thesystem 
supplement, innate immunity, and pre-existing immunity increases the danger of anaphylactic shock. The 
danger is proportional to thenumber of ad ministrations, generally following the third inoculum (Saxenaetal., 
2013). N ew insights havestarted to overcomethe pre-existing Ad immunity by enhancing the effectiveness of 
the therapeutic approach based on Adv. These methods include generating chemically altered Adv serotype 5 
capsids; generating chi meric Adv; replacing Adv serotype-5 derived vaccine with alternative Adv serotypes 
(human or non-human origin); and Adv serotype-5 genome modification method that preserves the initial 
Adv serotype-5 capsids. The procedures will indirectly enhancetheeffectiveness of the Adv and minimizethe 
i impact of pre-existi ng A dv i immunity (Fausther-Bovendo and Kobi nger, 2014). 

3.2. A deno-associated virus vector 

Adeno-associated virus (AAV) is a virus of the genus dependovi rus, small sizeof less than 5 kb, single- 
stranded DNA vi ruses (N aso et al., 2017). AAV includes only two open reading frames that are the replicas 
needed for non-structural protei ns such as replication of the viral genomeandcap encoding structural proteins. 
The uniqueness of this vi rus is that it general ly does not cause any i nfecti on w ithout a genotoxi c agent such as 
adenovirus or herpes simplex virus being co-infected (Weitzman and Linden, 2011). AAV derived vectors 
coul d transd uce a w i de range of cancer cel 11 i nes and pri mary cel Is i n oncol ogy appl i cati ons. This vector is 
also capableof transmitting dominant therapeutic genes (anti-angiogenesisgene and suicidegene) as well as 
the gene encoding for lower nucleic acids such asshRNAsand siRN As (Santiago-0 rtiz and Schaffer, 2016; 
and Zamberi et al., 2016). 

Recombinant AAV (rAAV) isformed between two ra/ersed terminal repeats(ITRs) by inserting a therapeutic 
gene. BecauseAAV isa model deficient in replication, it requires to be co-transfected for viral replication with 
other helper bacteria (ad enovirusor herpes simplex). Si nee most inner coding sequences have been removed, 
AAV becomes faulty in replication and therefore needs to be co-transfected with help viruses (Giacca and 
Zacchigna, 2012). If the helper virus is present, with the assistance of the helper virus, AAV can undergo 
replication and provide an efficient infection (Chanet al., 2017). Briefly, rAAV is built by removing replacing 


N urliyana M ohd Yusof et al. / Afr.J.Bio.Sc. 2(3) (2020) 10-19 


Page 14 of 19 


both Rep and Cap genes with the cassette of transgenic expression. RAAV was chosen to transfer a small-scale 
therapeutic gene because of the small-seal egenome of AAV (Mali, 2013). For AAV to transfer larger genes 
(larger than 4.7 kb), transgene concatemerizati on post-transduction that was maintained in two distinct AAV 
constructs by trans-spl ici ng or homologous recombi nation of two transgene sequences (Col el la et al., 2018). 

N umerousstudieshavetried touseAAV as an agentforthedelivery of genetic material. Because recombinant 
AAVs can be readily grown in a laboratory and its safety profile, the primary reason for AAV vector is a 
decision for gene therapy strategy. For example, Weng and col lageousfocuson the impact of adeno-associated 
virus (AAV)-mediated survivor mutant Cys84A la on the development of gastric cancer where it isconcluded 
that chemotherapy treatment coul d be a promisi ng antitumor agent for gastri c cancer (Weng et al., 2013). Yuan 
et al.concluded that there is a notable potential for AAV vectors co-expressing IL-24 and apoptin incancer 
gene therapy (Y uan et al., 2013; and I smai I et al., 2016). 

AAV vectors are a common candidate for various studies due to its unique features such as low 
immunogenicity, integration site-specificity and the capacity of thisvirustotransducein dividing and quiescent 
cells in vivo and in vitro research (Shin et al., 2012). N othing is ideal' is undoubtedly the precise way to look at 
this vector because even this vi rus has some benefits, but i n a parti cul ar manner it sti 111 acks. A co-i nfecti on 
helper virus is required to makethis vector moreefficient. Forsomein vitro research, AAV isalsosaidtobe"too 
slow," as it requires an additional step to convert the single-stranded AAV DNA into double-stranded DNA 
before gene expression can begin. Not only is it very difficult to achievea high vector titer of AAV, butthiscan 
be overcome by the method of purification of the heparin column, which is said to elevate the viral titer and 
produce a cleaner preparation of the viral yield than centrifugation by a method of gradient cesium chlorideor 
other methods of purification (Clement and Grieger, 2016). 

3.3. Retroviral vector 

Retrovi ral vector is a positi ve-sense RN A vi rus w ith a D N A i ntermediate di pi oid, envel oped, si ngle-stranded. 
A retrovirus originating from the species Moloney Murine Leukemia Vi rus (MM LV) is the most widely used 
delivery system for both somatic and germline gene therapies. Thegenomeof retrovirus is about 7-llkb in size 
and could contain approximately 7-8 kb of gene inserts (N ayerossadat et al., 2012). It carries a gene that 
encodes for a reverse transcri ptase that i s accou ntabl efor converti ng RN A i nto i ntermed i ate D N A d ue to the 
reality that retrovirus is an RNA virus. This intermediate DNA would then be incorporated into the host 
genome, allowing a full virion to be produced by the host cell machinery (Robbins and Ghivizzani, 1998). 
Retroviral vectors composed of four significant genes (gag, pol, pro, env) compared to lentivi ruses, primarily 
used in clinical trialssuch as oncoretrovi ruses. Si mpleoncoretrovi ruses havetwo long terminal repeats (LTRs) 
that includethe retrovi ral genes that also have the primary binding site (PBS), the polypurine tract (PPT) and 
the packaging signal (CIS) recognized as the cis-acting elements. On the other side, genes (gag, pol, pro, env) 
encod i ng for vi ral protei ns present the trans-acti ng components. At each LTR, i ntegrase attachment site (att) 
enables the viral genome to be integrated into the host genome(Chiraetal., 2015). Genedelivery via a retroviral 
vector is accomp I i shed through the i nteracti on betw een the vi ral envel ope and the cel I ul ar receptors i nserted 
in the membrane at the entrance to the host cell (Vannucci et al., 2013). Combining the protein envelope with 
viral parti cl es provides thevirusa consent to bind to the target cell that is receptor positive. The first stage of 
infection is nucleus internalization initiated by virus and cell membranefusion (Yi et al., 2011). This isdone by 
binding the glycoprotein envelope (Env) to the cell receptor and thefuses virus. Env protein releases into the 
host cytoplasm the viral nucleus. Oncetheviral nucleusenters the cytoplasm, the gene sequence would then 
be incorporated into the genome to allow transgenic expression using machinery for transcription and 
transl ation i n the host cel I s. A ccord i ng to a study cond ucted by Vargas and col I eagues, retrovi ruses are sai d to 
only transfer genetic material to divide cells, which is why there are numbers of processes that take retrovi ruses, 
particularly for ex vivo (Vargas et al., 2016). The characteristic of retroviruses isthat it focuses only on actively 
dividing cells, thus keeping the normal cellssecure indirectly. Indeed, retrovi rus targets only the tumor, which 
nearly all tumors contain GO-phase non-dividing cells, known as the tumor cell cycle's resting phase (Fan et 
al., 2018). 

Retroviruses as a gene deli very agent show anumber of benefits where they could beintegrated into the host 
cell genome and produce a continuous expression of transgenes, for instance in the 2011 research, using a 
retroviral vector carrying a pro-apoptotic gene (VP3 gene) to cause cel I death in mice challenged byCT26cancer 
cells, as the transgene was successfully inserted into CT26 cancer cells (Nik-Mohd-Afizan et al., 2011). Most 
importantly, againstthisspecific vector thereis low or almost no pre-existing immunity (Vannucci et al., 2013). 
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That is not all, the retroviral system has the ability to create stable cel I lines capable of producing higher 
numbers of recombinant viral particles compared to other vector systems that have to depend on multiple 
cycl es of transfecti on and the requi rement to remove a I argequantity of pi asmid D N A from the preparati on 
stagejust before it is used in clinical trials. This viral vector model could also generate genetically homogeneous 
vectors from cel I s that perform embedd ed vector copi es as op posed to transfecti on-based vectors that are sai d 
to generate a large quantity of mutated and rearranged sequences of the vector genome (Miller, 2014). In 
addition to the benefits, there are several d isadvantagesto the virus scheme. One of these isthat this particular 
viruscan only effectively transduceto specific kind of cells in order to reproduce. Compared to the AAV viral 
vector, the rel ati ve frai Ity of this vi rus as a vector makes storage at -70 °C a must for mai ntai ni ng this vi rus' 
healthy activity. Oneofthedisadvantagesof being a gene material delivery agentisalso the random integration 
of the viral vector. Random integration of this virus can be morecl early grasped through a previous study that 
disclosed the retroviral integration mechanism (Kvaratskheliaet al., 2014). Retroviruses vary in their chromatin- 
associated characteristics preferences and these vi ruses are a bit chosen when it comesto the integration site 
choice as they prefer specific nucleotidesequences at that specific inserti on point. Retroviruses, particularly 
the insertion site targeting species Moloney M M LV, aredriven by integrase-interacting host factors such as 
retrovirus BET proteins and lentivirus LEDGF / p75 chaining viral intasomes to chromatin. Based on the 
research, two significant players are discovered to beinvolved in selecting a retrovirus integration site. These 
players are the protein and cognatecellular binding partners of retroviral integrase(IN) (DeRijcket al., 2013). 

3.4. Lentiviral vector 

There have been many stud i es on the use of I enti vi rus for transgenic del i very over the previ ous few years. 
More preferred than any other viral vectors arethis specific virus. Lentivirus is a retrovirus subfamily that 
could carry up to 8 kb of a series of genes. This virus has been a decision because it has some favorable 
characteristics, such as its ability to infect both dividing and non-dividing cells (Escorsand Breckpot, 2010). 
Thischaracteristic is peculiar distinct to only I enti viruses compared to retroviruses, which ittransducesonly 
dividing cells. This virus also has a promising, safer insertion profile. For instance, HIV has been modified 
into a gene deli very vector of the famous lentiviruses (Sakuma et al., 2012). Researchers have succeeded in 
removing several infectious regions and replacing these regions with other genes from viruses such as 
cytomegaloviruses (H u et al., 2009). These engineered viruses could target a wide rangeof cell types such as 
quiescent and thosecellsthat are difficult to translatesuch as hematopoietic precursors, neurons, lymphoid 
cells, and macrophages (Dropulib, 2011; and Yahayaet al., 2019). Researchershavealsosucceeded increating 
I enti viruses that lack of integration and it would not incorporatethis altered virus into the host genome. Such 
I enti viruses have several exciti ng features that makethem safer and have more variable specif id ties for either 
a particular cell or all cells. In addition, it also has productivetransduction that issaid to have low antiviral 
immunity and low genotoxicity owing to inserti onal mutagenesis for both dividing and non-dividing cells. 
There are currently approximately 114cl i nical protocolsthathavebeen recorded using lentivirusesto acton 
i 11 nesses that i ncl ude cancer. This f i gure reflects about 21% of al I proced ures for retrovi ral gene treatment, 
show i ng the w i despread use of thi s vector as a car for therapeuti c transportati on (V argas et al., 2016). 

I n order to i ncorporate i nto the host, I enti vi ruses that mai ntai n thei r gag gene i n a non-functional state and 
the accessory vpr protein encoded in their genome do not involve nuclear membrane deterioration. Both 
integraseand matrix proteins contain nuclear localization signal sequences. Similar to the reactive element 
(RRE), which is mediated by the protein by viral A RN nuclear export. These proteins arecapableof interacting 
with the host cell's nucleus import mechanism that allowsthe pre-integration complex to be actively transported 
vianucleopores(Kamimuraet al., 2011). This intriguing lentivirus potential allowsthis virus to transfect cells 
that are not divided. Indirectly, gene transfer vectors, peculiarly neurons, became the most appropriate. The 
cassette of transgene expression would substitute the viral gene; basically, theviral genes aregiven by the 
structureof the first-generation aid. While, the second generation of aid building was created by removing all 
the accessory genes that are primarily accountablefor pathogenicity but are not essential for gene transfer. 
These accessory genes are removed from the structureof the helper (Chiraet al., 2015). The third generation of 
this vector building is produced by supplying a regulatory Rev protein from a separate construct of rev 
building and gag-pol construction, then co-transfecting these two constructs to generate vector particles. This 
generation vector parti cle has a spl end i d benefit i n red uci ng the danger of construed ng the hel per w ith the 
viral vector, resulting in constructing the hel per with low replication-competent vector particleswith theviral 
vector titers (H u and Pathak, 2000). The next step to reduce the threat of replication-competent vectors issaid 
to be a stably transformed packaging cell line. Researchers have gained so much attend on from the backbone 
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of the lenti virus vector as a manner to enhance gene delivery safety and effectiveness. Thefirst step is to raise 
a lenti virus 'security profile by removing the 3' LTRtobeSI N (self-inactivating) vector U 3 region (Zufferey et al 
1998). This implies that the transduction of the lentivirus' viral transcription capacity is lost, minimizing the 
promoter interference and reduci ng the danger of activating neighboring genes at the i ntegration site. The next 
step istoincludeinsulatorswheregenomicDNA sequences arecapableof hindering the interaction between 
vector integration and neighboring genomic regulatory sequences. M oreover, thechromosomal position effect 
also inhibits transgene silencing. For instance, the chicken hypersensitivity site4isolator (cH S4) (the standard 
used for multi plestudies to improve transgenic expression). This cHS4 insulator improves the lentiviral vector 
with other kinds of insulators such as the locus control region compared to the lentivirus vector. Recent 
progress in the gene therapy sector has altered the cH S4 insulator by fusing the insulator to the scaffold 
attachment region (SAR) element, which has been shown to enhance the viral vector and the lentivirus vector 
transgeneexpression (Uchidaet al., 2013). Some other kinds of genomic insulators have been recognized and 
proved as a key component to be included in the lentivirus vector rather than cH S4. This progression is said to 
enhancetheeffectivenessof lentivirustransduction and reduce the oncogenic potential of thevirus. 

Currently, numbers of research haveused lentivirusesasavehiclefor gene transfer. Ju bay eret al. (2016) 
recently used lentivirus to deliver HSV-Tk suicide gene to healthy, immunocompetent rats' brains. The goal 
was to assess the toxicity impact when the HSV-Tk suicide gene was delivered to normal brain cells. The 
results of this research were noteworthy as it demonstrates that the translation of this H SV-therapy lentivirus- 
mediated suicide gene does not damage the normal brain cells. This observation is highly relevant to the 
effi cacy of thi s parti cu I ar vector to be used as a therapy for pati ents w i th brai n tu mors i n cl i ni cal tri al s (H ossai n 
et al., 2016). 

In addition, the capacity to transfect non-dividing cells and those cells that arediffi cult to transduce. This 
virus can also incorporate in an integration-defective form into the host cell genome. Despite the benefits 
celebrated by this virus, it also has some disadvantages. One of these is the viral's damaging probability of 
transforming it into pathogenic HIV infection, especially in people immunized. This is due, though, to the 
insertion mutagenesis; even in patients with HIV infection, this phenomenon has not yet been noted. The 
chanceof the patient becoming infected with HIV is another possible issue with the useof thelentivi ruses. This 
could result in the vector mobilization that this wild-type virus could behave I ike a virus of help. This help 
virus will cause thisdisease to spread to other tissues in the body or even to others (Ruzilaetal., 2010). Creating 
the vectors that contain "suicide" genes that would activate and kill cellsthat have the genomes of the vectors 
in acertain condition would be one of the ways to address this issue (Merten et al., 2016). Lenti viruses also 
could cause a tumor formation, but thedanger was significantly smaller than theretroviral vectors. This is 
basical ly because lentivirus integration sites are far from cellular promoters accommodating sites (U ra et al., 
2014). 

4. Conclusion 

Theincreasing number of pati ents with cancer is cal ling for a solution globally. Gene therapy has been viewed 
as a p rospecti ve strategy for treati ngmultipledi seases, i ncl u d i ng cancer that i s not cu rabl e. A n i ssue conti nues 
the discussion on the "ideal” technique of transferring therapeutic genes. A broad range of gene transfer 
technologies have been created over all these years, but still, all transfer technologies have constraints in 
clinical applications and thereare no delivery systems that could be implemented in vitro and in vivo in all cell 
types without any I imitations or sideeffects. Viral vectors and hybrid viral vectors are said to be a promising 
transferring mechanism based on research conducted over the previous three centuries as it could provide 
efficient and specific transduction and expression of genes. To date, adenovirus, adeno-associated virus, 
retrovirus, adenovirus lentivirus and adenovirus hybrid virusvectors, adeno-associated virus, and retrovirus 
are among the most w i dely used vector genetransfer. Each vector has itsdisti ncti ve benefits, and theexpl oitati on 
of these benefits could boost the capacity for genetic material delivery. 

Future Recommendation 

All of these viral delivery vectors that have been established could be improvised to (i) reduce toxicity and 
adversesideeffectstonon-cancerouscells, (ii) develop a delivery agent with no or lessimmunogenicity, and 
(iii) transmit genes to the desi red cell with the precise quantity. In addition, gene vectors could be generated in 
mass with gradual progress in molecular studies and could be commercially accessible. These vectors ' 
accessi bility will makegenetherapy easy to use as a treatment for most pati ents w ith cancer. This w i 11 alter the 
future of treatment for cancer from widespread, traditional approaches to a more particular and efficient 
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remedy. With elevated cure rates and less toxicity, this current therapy envisages being rapidly, particular, 
affordable 
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